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(54) Ceramics joint structure and method of producing the same 



(57) A ceramics member (10) having an oxidation 
resistance property and a metal member (6) are joined 
via a joint layer (12). An embedded member (5) is ex- 
posed to a joint surface of the ceramics member and is 
contacted with the joint layer to join the ceramics mem- 
ber via the joint layer to the metal member. The embed- 



de d member (5) is at least partly of molybdenum The 
joint layer (1J?)jsmai^ 

lected J [romjhe gjqup consisting of gold,_ platinum and 
paliad[um. Insulation defects due to corrosion of the em- 
bedded member, or leaching o^ajow melting point com- 
pound are avoided. The product is useful as an electro- 
static chuck in semiconductor manufacture. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention related to a ceramics joint structure and a method of producing the same. 

2. Description of Related Art 

Nowadays, electrostatic chucks are being used to adsorb and hold semiconductor wafers in transferring light- 
exposing, film-forming such as CVD and sputtering, fine processing, washing, etching, dicing, etc. for semiconductor 
wafers. Dense ceramics are noted for substrates of such electrostatic chucks. Particularly, in the semiconductor pro- 
ducing apparatus, a halogen based corrosive gas such as CIF 3 , CF 4 , NF 3 is often used as an etching gas or a cleaning 
gas. In order to rapidly heat and cool the semiconductor wafer while being held by such a substrate, the substrate of 
the electrostatic chuck is desired to have high heat conductivity. Further, it is desired that the substrate has such thermal 
shock resistance as not being destroyed by rapid temperature changes. Dense aluminum^ itride and alumina have 
*!!j3tlgg!I9j^^ the halogen based corrosion gas mentioned above. ~ "~ ' "" ' 

In the field of the semiconductor producing apparatuses, susceptors in which^bujlt-in.high frequency electrode 
tegjtnex^ In the field of such high frequency electric power generating appa- 

ratuses, a metal electrode is^em^ded in a substrate of aluminum nitride or dense alumina. Further, in the field of the 
semiconductor producing apparatuses, ceramics heaters in which a metal resistor Ssembedded in a substrate of alu- 
minum nitride or alumina for controlling the temperature of a wafer in each .process. ' 

In these apparatuses, it is necessary that the me^ejectrode is embedded in the^ceramic substrate made of 
aluminurn nitride or the like, and that the metal electrode is eiectricaliy coupled to an external electric pow^ Supply 
c £™eptor ; However, acoup ling [portion for this purpose is expoiedToi'heat cycle between extreme high temperatures 
andjpw temperatures in an oxidative atmosphere and further in a corrosive gaslrtmosphere. Such a joir^t port ion7s 
desiredtc | maintain high joining ^ren^th and excellent, electric coupling performance for a long time period even under 
such a bad condition. " "* 

The present inventors have continuously studied the coupling structures as mentioned above For example Jap- 
anese patent application No. 8-24,835 disclosed that ajjp of an electric power supply connector is coupled to a metal 
electrode in a susceptor with an Al alloy, brazing materiaLa.Cu^allpyb razing, mate rial .or a Ni alloy' brazing material 
each having a corrosive resistance. Further, Japanese Patent Laid-Open Publication No. 8-277,173 (JP-A-8-277 173) 
proposed that a mesh or net metal electrode is embedded in an AIN ceramics, while a part of the mesh or net metal 
electrode is exposed, and the exposed mesh or net portion and the AIN ceramics are brazed to a tip face of the electric 
power supply connector.. In the techniques mentioned above, there proposed the brazing methods having a high cor- 
rosive resistance against the halogen based corrosive gas and ite.plasma. Moreover, the present inventors' further ,> 
proposed, in Japanese patent application No. 9-12,769 CUSSN09/01 3,045), a specific connector^netal electrode joint 
structure which can maintain high joining strength and excellent conductive perf ormance even if high temperatures or ^ 
heat cycle is applied.thereto .under an oxidative atmosphere. " ^ ~-- r 

These techniques mentioned above were very effective. However, during the inventor's further investigation the 
following draw^^reXo^jnan extreme case, That is to say a molybdenum resistance heater and a molybden urn JP i% 
x 22™*\™!?. embedded in ^ceramics heater, and the terminal was brazed to an external electric power supply con- % ^ / V ^ 
D^r^\^an^es^ brazjng material. In this case, when thej:eramics heater was operated for a longtime ^ ^ 
penpd at for example at 700°C, the molybdenum terminal was corroded, in an extreme case, a joint Structure was C\ ^ 

^ roke ^ or a compound-rTavin^ point was leached on a ; surface of the heater to cause" a bad insulation ^ 
performance. Further, a silver component was moved to a surface of the heater by its migration under direct or alter- 
"j^Ili^^ "" 

50 SUMMARY OF THE INVENTION 

It is an object of the invention to provide aceramics joint structure and a method of producing the same in which 
an corrosion of an embedded member and a bad insulation performance due to a leaching of a compound having low 
melting point on a surface of a ceramics member or due to a migration of a metal component are prevented even if it 
55 is exposed in an oxidative atmosphere such as air during a long term operation at a high temperature region. 

According to the invention, a ceramics joint structure in which a ceramics member having an oxidation resistance 
property and a metal member are joined via a joint layer, comprises a structure such that: (1 ) an embedded member 
made o[a metal including at least molybdenum is embedded jn said ceramics member; (2) a part of said'embedded 
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member isj*pqsejd which is contacted j^Uxsaj^ a metal 

2^2®!2S£9il!2!?' (3 > said ce IH^i™?™^^^ are joined via said joint layer to said metal ^ 

ITI^IP^C r ® s P.® ^'v® (Mi, ^ nd ( 4 ) s ?ldJpiatky^ -^tr 

of gold, . platinum anjd pajjadjum. ^ ~ ~ _ * 

Moreover, according to the invention, a method of producing the ceramics joint structure mentioned above, com- 

prises the steps of: forming said metal exposing portion by exposing a part of said embedded member to said joint 

surface of said ceramics member; arranging a material for said joint layer between said joint surface and said metal 

member; and heating them under an oxidation resistance atmosphere to join said ceramics member and said metal 

exposing portion to said metal member respectively. 

The inventors investigated acause ofjhe cpnosm molybdenum ter- 

mia?.L Durin 9 this investigation, it was found that a little amojjn^ jrorna 

tSPilSrt'P.niSS^es to the molybdenum terminal and.oxidizes molybdenum to^ 

that thejhus g^nej;^ (ow 
QSttinSL&eipt. This compound having low melting point lurtjhjir^ojro to causea/esismnce increase 

SLIP: in a JL e .* r ? me .^ Portion, in addition, this comc^nihavirijg low/ mejtiog opjot ms 

le ^^^!^ ®yl ace ^°? * iPji^'cs member to causes bad insulation., performance. ™ ~ 

According to the present invention, the inventor contrived the structure in which a part oHhe embedded member 
'ifxpqsed to ajoint surface of the ceramics ember, which is contacted witjito^ 

portion; the ceramics member andjhe metal exposing portion are joined via the joint layer to the metal mem ber" re- 
spectively; and the joint layer is mainly made of one or more metal selected from Yhe'group consisting of gold, platinum 
and palladium. In this case, the ceramics member and the embedded member were firmly joined to the external metal 
member, and thus it was possible to prevent a decrease of joining strength and a decrease of insulation resistance. 
Moreover, it was found that the migration is not caused under direct or alternating current by making the joint layer 
from one or more metal selected from the group consisting of gold, platinum and palladium. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a cross sectional view showing one embodiment of a joint structure according to the invention; 
Fig. 2 is a cross sectional view illustrating a molded body 10 in which a metal electrode 3 and a molded body 11 
^o made of powder sintered body are embedded; 

Fig. 3 is a cross sectional view depicting a state in which a hole 4 is formed in a substrate 2 and a terminal main 
body 5 is exposed to the hole 4; 

Fig. 4 is an enlarged cross sectional view showing a neighbor of a terminal 14; 
Fig. 5 is a cross sectional view illustrating a state before producing the joint structure shown in Fig. 1; 
Fig. 6a is a cross sectional view depicting a state before stacking a brazing material 41 and an active metal foil 
43, and Fig. 6b is a cross sectional view showing a brazing material 45; 

Fig. 7 is a cross sectional view illustrating a state before producing the joint structure using a terminal 47; 
Fig. 8 is a cross sectional view depicting a joint structure in which a low thermal expansion conductor 7 and an 
electric power supply member 8 are not directly joined; 

Fig. 9 is a cross sectional view showing a state in which a dense body 32 is embedded in the substrate 2; 
Fig. 1 0 is a cross sectional view illustrating a joint structure in which use is made of a tubular atmosphere-shielding 
member 33 having an oxidative film 35; 

Fig. 1 1 is a cross sectional view depicting a joint structure in which use is made of an atmosphere-shielding member 
37 having the oxidative film 35; 

Figs 12a, 12b and 12c are cross sectional views respectively showing a producing process of the atmosphere- 
shielding members 33 and 37; and 
Fig. 13 is a cross sectional view illustrating a joint structure in which the low thermal expansion conductor 7 is 
directly joined to the substrate 2 and the electrode 3. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

As a ceramics member according to the invention, there are, for example, a heater in which a resistance heater 
is embedded in a ceramics substrate, an electrostatic chuck in which an electrode for the electrostatic chuck is em- 
bedded in a ceramics substrate, a heater with an electrostatic chuck in which a resistance heater and an electrode for 
the electrostatic chuck are embedded in a ceramics substrate, an electrode apparatus for a high frequency generation 
in which an electrode for a plasma generation is embedded in a ceramics substrate, and an electrode apparatus for a 
high frequency generation in which an electrode for a plasma generation and a resistance heater are embedded in a 
ceramics heater. In theses ceramics members mentioned above, it is necessary to arrange an electric power supply 
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member for supplying an electric power to the electrode in the ceramics member. 

In the case of using a metal electrode as an embedded member, it is preferred to use the metal electrode in a form 
of a planar metal bulky member. Here, a term "planar meta! bulky member" means not only a planar integral metal 
shaped body but also a wire or a planar body arranged in a spiral or zigzag form. 

Normally, since the metal electrode is sintered together with ceramics powders such as alumina powders or alu- 
minum nitride powders, it is preferred to form the metal electrode by a metal having high melting point. As such a metal 
having high melting point, tantalum, tungsten, molybdenum, platinum, rhenium, hafnium and their alloys may be recited. 
From the standpoint of preventing semiconductor contamination, it is further preferred to use tantalum, tungsten, mo- 
lybdenum and their alloys. 

As the planar bulky member, the following may be recited. 

(1 ) A planar bulky member made of a thin plate. 

(2) A planar bulky electrode member in which a plurality of small openings are formed. This includes a bulky 
member made of a planar material having numerous small holes, and a netlike bulky member. As the planar 
member having numerous small holes, a punched metal may be recited. 

The embedded member is formed by a metal including at least molybdenum. Such a metal is for example pure 
molybdenum or an alloy of molybdenum with the other metal. As such a metal constructing an alloy with molybdenum, 
it is preferred to use tungsten, copper, nickel and aluminum. 

In the present invention, a main ingredient of a jQintJayerJs onmpx^ 
°L92!i£^ Such a metal is included in the joint layer at more thanSO wt % with respect to all the 

^JaJjQlhe j° int layer. It is preferred to be more than 70 wt % and more prefeTabTy^^ Among them, 

it is most preferred to use gold from the view point of an oxidation resistance. 

In the joint layer, it is preferred to include one or more active metal selected from the group consisting of titanium, 
2[^^!?!'. hafni ! J, ! n . , vanadi - um - niobium and magnesium. In this case, it is possible to improve an adhesion property 
and ajoining strength of the joint layer with respect to the ceramics member * 

In the joint layer, it is possible to include one or more third component selected from the group consisting ofjSi^AI, 
Cu and In. ' 

Here, when a compounding amount of active metal is less than 0.3 wt %, a wettability of the joint layer so drops 
that effective joining may not be realized in some cases. On the other hand, when a compounding amount of active 
metal is more than 20 wt %, a reaction layer at a joint boundary is so large that crack may be formed in some cases. 
Therefore, it is preferred to set a compounding amount of active metal in a range of 0.3-20 wt %. Moreover, when a 
total compounding amount of third component is more than 50 wt %, an intermetallic compound increases and in an 
extreme case a crack is generated at the joint boundary. Therefore, it is preferred to set a total compounding amount 
of third component in a range of not more than^O wt %. 

Further, it is preferred to include 5-50 m yA%ci nickel injhe joint. layer. ..In this case, whenjhe jpeMjnemberJs. 
formed by : nickel or nickel alloy, it is possible to reduce an excessive meltingjo the joint layer. Therefore, it is possible 
to improve a seal property of an embedded terminal after joining. Moreover, when one or more metal selected from 
^-.gioMPPonsisting of gold, platinum and palladium is coaled on a surface of thTifeTminai prior to > a joining of the metal 
member and a terminal (this step is referred to a pre-coat process and the metal used for. the /prercoat. process is 
referred to a pre-coat material), it is found that ajvettability cj the joint layer during join in gjsjmp roved and a seal 
property of the terminal after joining is also improved. As a method of performing the pre-coat process, it is possible 
to use a heat treatment at a temperature higher than a melting point of the pre-coat material, plating or sputtering. 
Especially, if the heat treatment is performed, the pre-coat material is penetrated not only on a surface of the terminal 
but also into a boundary of the ceramics member neighboring the embedded terminal, and thus it is possible to improve 
an oxidation resistance. 

Particularly, in a joint structure such that: a metal electrode and a terminal made.of molybdenum. or molybdenum 
. a I!°^ are embedded in a ceramics member; an exposing portion of the terminal js„ exposed ^ 
'ceramicsmember; and the metajjmember is joined via a joint layer 'to the exposing portion ofjthe terminaj 
2l the ceramjcs.member; the terminal is corroded extraordinarily. The present invention can be used particularly pref- 
erably for such a joint structure mentioned above. 

In the present invention, it is possible use a joint structure such that: a tubular atmosphere-shielding member is 
inserted into a h ole a rranged in a ceramics m^ and a low thermal expansion 

S™^°Ll? r a stress-mitigating, are inserted inside the tubular atmosphere-shielding, member; and the low thermal 
expansion conductor and the tubular atmosphere-shielding member are joined to an embedded member. In this case, 
the joint structure has excellent heat resistance and corrosive resistance properties as compared with the other joint 
structure, and it is possible to maintain a high joining strength and a good conductivity even if a heat cycle is applied 
thereto under an oxidative atmosphere or a corrosive atmosphere. 
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Hereinafter, the present invention will be explained with reference to the drawings. 

Fig. 1 is a cross sectional view showing one embodiment of a joint structure according to the invention. An electrode 
3 made of a metal net or a mesh is embedded in an almost discoidal ceramic substrate 2 having a semiconductor 
wafer-placing face 2a and a rear face 2b. 

A hole 4 is formed in the substrate at a side of the rear face 2a. The netfike electrode 3 is embedded in the substrate 
2, and a terminal 14 made of molybdenum or molybdenum alloy is also embedded therein. The terminal 14 comprises 
a main body 5, and a film 15 made of one or more metal selected from the group consisting of gold, platinum and 
palladium, which covers a part of a surface of the main body 5. The main body 5 of the terminal 14 may be formed by 
a bulky body made of molybdenum or molybdenum alloy or may be formed by a sintered body of respective powders 
of molybdenum or molybdenum alloy One surface 5a of the terminal 14 is exposed to a bottom face 4a of the hole 4, 
while the other surface 5b of the terminal 1 4 contacts the metal electrode 3. An umeral 5c is a side face of the terminal 1 4. 

In this embodiment, a tubular atmosphere-shielding member 9 is inserted into the hole 4. A slight gap 1 8 is arranged 
between an outer peripheral face 9a of the atmosphere-shielding member 9 and an inner peripheral face of the hole 
4. A low thermal expansion conductor 7 having, for example, a discoidal shape is placed in a lower inner space of the 
atmosphere- shielding member 9. 

A lower surface 7b of the low thermal expansion conductor 7 is gas-tightly joined to the bottom surface 4a of the 
hole 4 and to the terminal 14 by means of a joint layer 12 made of preferably a brazing material according to the 
invention. Moreover, a lower surface 9d of the atmosphere-shielding body 9 is joined to the bottom surface 4a by means 
of the joint layer 12. 

An electric power supply member 8 comprises a body member 8b outside a ceramics member 1 , an annular flange 
portion 8c and a tip portion 8d, and the tip portion 8d is accommodated in the atmosphere-shielding member 9. A slight 
gap 19 is arranged between an inner peripheral surface 9b and the low thermal expansion conductor 7 and the tip 
portion Bd. A conductive joint layer 6B preferably made of a brazing material is formed between an upper surface 9c 
of the atmosphere-shielding member 9 and the flange portion 8c. In addition, a conductive joint layer 6A is formed 
between a tip surface 8a of the electric power supply member 8 and an upper surface 7a of the low thermal expansion 
conductor 7. 

In the present invention, the low thermal expansion conductor 7 means a conductor made of a material having a 
thermal expansion coefficient of at least not more than 8.0X10" 6 /°C at 400°C or less. As a material for the low thermal 
expansion conductor, molybdenum, tungsten, molybdenum-tungsten alloy, tungsten-copper-nickel alloy and Kovar are 
used preferably. As a material for the atmosphere-shielding member, pure nickel, nickel based heat-resistive alloy, 
gold, platinum and their alloys are used preferably. As a material for the power supply member 8, a material having 
high corrosion resistance against the atmosphere is preferred. More specifically, pure nickel, nickel based heat-resistive 
alloy, gold, platinum, silver and their alloys are preferred. 

Functions and effects of such a joint structure will be further explained with reference to mainly Fig. 1 . As a material 
for the power supply member 8, a metal having oxidation resistance is preferably used. In general, such a metal has 
a large thermal expansion coefficient, and thus a large stress is generated due to a thermal expansion difference 
between the metal and the ceramics member. For this reason, if the power supply member 8 is directly brazed to the 
ceramics substrate 2, a joining strength tends to decrease due to a thermal expansion difference therebetween. In 
order to improve this, the low thermal expansion conductor 7 is placed between the power supply member 8 and the 
ceramics to reduce a heat stress difference therebetween. 

However, a metal having a low thermal expansion coefficient such as molybdenum, tungsten and molybdenum- 
tungsten alloy is generally likely to be oxidized. Therefore, if the low thermal expansion conductor 8 is brought into 
contact with an oxidative atmosphere at a high temperature, the low thermal expansion conductor 7 is instantly oxidized, 
so that a joining strength drops and an electric resistance rises. Accordingly, it was difficult to use the metal having low 
thermal expansion coefficient as a material for the low thermal expansion conductor 7. 

It is considered that if the low thermal expansion conductor 7 alternatively made of an insulating stress-mitigating 
material such as an insulation ceramics such as alumina, aluminum nitride and so on, there does not occur the problem 
that the low thermal expansion conductor 7 is oxidized. However, in this case, the stress-mitigating material is outside 
a current flow passage, and the stress-mitigating material cannot be electrically connected to the metal member ar- 
ranged in the ceramics substrate. Therefore, an amount of electric power to be supplied to the metal member inside 
the substrate comes to be limited. 

To the contrary, according to the joint structure of the present invention, an area of the connection between the 
low thermal expansion conductor 7 and the terminal main body 5 is large, and the low thermal expansion conductor 7 
joins the current flow passage at this connection area. Consequently, a large current, for example, 30 amperes can be 
easily flowed. 

In addition, the tubular atmosphere-shielding member 9 is placed and installed in the hole 4, while the low thermal 
expansion conductor 7 is positioned in the lower portion of the inner space of the atmosphere-shielding member 9, 
and the tip portion 8d of the power supply member 8 is inserted above the low thermal expansion conductor. Therefore, 
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it is possible to completely surround and protect the peripheral surface side of the low thermal expansion conductor 7 
by the atmosphere-shielding member 9. Further, it is possible to arrange the power supply member 8 on the low thermal 
expansion conductor and to surround the neighboring thereof by the atmosphere-shielding member 9. 

Consequently, the length of the oxidative atmosphere-invading passage up to the low thermal expansion conductor 
7 becomes very large. At the same time, the power supply member B is joined to the atmosphere-shielding member 
9 by means of the conductive joint layer 6B, and this joined portion is gas-tightly kept. Thus, it is possible to completely 
ensure the isolation of the low thermal expansion conductor 7 from the oxidative atmosphere. 

Furthermore, according to this embodiment, there are two current flow passages: one being a current flow passage 
passing through the tip portion 8d of the power supply member 8, the conductive joint layer 6B, the low thermal ex- 
pansion conductor 7, the joint layer 1 2 and the terminal 1 4; and the other being a current flow passage passing through 
the flange portion 8c, the conductive joint layer 6B, the atmosphere-shielding member 9 and the joint layer 12. In this 
case, an amount of the electric power supplied to the electrode 3 can be more increased and stabilized. 

In order to produce such a joint structure, a molded body 10 made of ceramics raw materials is prepared preferably 
as shown in Fig. 2, and is sintered. In this molded body 10, a netlike metal electrode 3 and a molded metal powder 11 
for forming a sintered shaped powdery body are embedded. In Fig. 2, reference numerals 10a and 10b correspond to 
the semiconductor-placing face and the rear face thereof. When the molded body 10 is sintered, the molded powdery 
body 11 is simultaneously sintered to obtain the terminal main body 5. 

Then, the hole 4 is formed in the sintered molded body 1 0 from the side of the rear face 2b by means of a grinding 
as shown in Fig. 3. In this case, a metal foil 13 made of gold, platinum or palladium is preferably placed on the surface 
5a of the terminal main body 5, and is heated to obtain the terminal 14 as shown in Fig. 4 in an enlarged manner. In 
the terminal 14, the surface 5a of the terminal body 5 is covered with a film 15, and the film 15 is further inserted into 
a part of a slight gap between the side face 5c of the terminal 5 and the ceramics. 

Then, as shown in Fig. 5, a material 16 for the joint layer, the low thermal expansion conductor 7, the tubular 
atmosphere-shielding member 9, materials 40A and 40B for the joint layer and the electric power supply member 8 
are set in the hole 4, and are heated under non-oxidative condition to obtain the joint structure shown in Fig. 1 . The 
non-oxidative condition means a vacuum atmosphere or a non-oxidative atmosphere (preferably inert atmosphere). 

The material 16 for the joint layer arranged between the bottom face 4a and the low thermal expansion conductor 
7 as the metal member has preferably a structure such that an active metal material 43 made of one or more active 
metal selected from the group consisting of titanium, zirconium, hafnium, vanadium, niobium and magnesium and a 
brazing material 41 mainly made of one or more metal selected from the group consisting of gold, platinum and palla- 
dium are stacked in this order from the side of the bottom face 4a as shown in Fig. 6a. In this case, it is particularly 
preferred to form films 44A and 44B each made of one or more metal selected from the group consisting of gold, 
platinum and palladium on both surfaces of the active metal material 43. In order to produce such a film, sputtering, 
CVD, ion plating, depositing and plating may be used. 

That is to say, since the active metal material 43 especially the active metal foil is liable to be oxidized during 
heating, it loses its activity during the joining operation. Therefore, if the both surfaces of the active metal material 
especially the active metal foil are covered with the films 44A and 44B, it is possible to improve a yield and a joining 
strength much more. 

In another embodiment, the material 16 for the joint layer arranged between the bottom face 4a and the metal 
member is preferably constructed by a brazing material 45 made of an alloy of one or more metal selected from the 
group consisting of gold, platinum and palladium and one or more active metal selected from the group consisting of 
titanium, zirconium, hafnium, vanadium, niobium and magnesium as shown in Fig. 6b. 

Moreover, as shown in Fig. 7, overall of the surfaces 5a, 5b and the side face 5c of the terminal main body 5 may 
be covered with the film 15 made of one or more metal selected from the group consisting of titanium, zirconium and 
palladium to form a terminal 47. In this manner, it is possible to effectively prevent an oxidation of the terminal much 
more. In this case, prior to embed the terminal 47 in the molded body, the film 15 is coated on the overall surfaces of 
the terminal body 5 by means of a method such as melting, sputtering, CVD, ion plating, plating and so on. After that, 
respective members are set as shown in Fig. 7 and are heated to obtain the joint structure as shown in Fig. 1 . 

In the embodiment shown in Fig. 1 , the low thermal expansion conductor 7 is electrically connected to the power 
supply member 8, but it is not essential to electrically connect them. Fig. 8 is a cross sectional view showing such a 
joint structure. In this embodiment shown in Fig. 8, the tip surface 8a of the electric power supply member 8 is not 
electrically connected to the low thermal expansion conductor 7 via the conductive joint layer, and a gap 20 is formed 
therebetween. However, in this case, since the low thermal expansion conductor 7 is directly and electrically connected 
to the terminal 1 4 via the joint layer 1 2 to form an electric passage and this electric passage has a low electric resistance, 
it is possible to supply a large current through this electric passage. 

Fig. 9 is a cross sectional view showing one embodiment in which a metal electrode and a dense body made of 
a low thermal expansion metal are embedded in a ceramics substrate. In this embodiment, for example, a metal elec- 
trode 31 having a coiled shape or the like is embedded in the substrate 2 of a ceramics heater 30. A coiled-shaped 
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linear heater is a preferred embodiment of the metal electrode. A dense body 32 (one example of the embedded 
member) is embedded at a lower side of bottom face of the accommodating hole 4 of the substrate 2. The dense body 
32 includes a male screw portion 32a and a main body 32b, and an upper face 32c of the main body 32b is electrically 
connected to the low thermal expansion conductor 7 via the joint layer 12. A coiled heater 31 is wound around the 
male screw portion 32a, 

Joint structures in embodiments shown in Figs 10 and 11 are similar to that in Fig. 1 except that the structure of 
the atmosphere-shielding member differs between them. In the joint structure of Fig. 10, an atmosphere-shielding 
member 33 includes a main body 36 made of a heat-resistive metal as mentioned above and an oxide film 35 covering 
outer and inner surfaces 36c and 36d of the main body 36. The metal constituting the main body 36 is exposed at 
upper and lower surfaces 36c and 36d of the main body 36. 

The exposed upper surface 36c of the main body 36 is joined to the electric power supply member 8 via the 
conductive joint layer 6B. Moreover, the lower face 36d of the main body 36 is joined to the terminal 1 4 via the conductive 
joint layer 12. 

Since the oxide film 35 exhibits lower wettability for the brazing material as compared with the corrosion-resistive 
metal constituting the main body 36, the brazing material is less likely to rise along the inner and outer peripheral 
surfaces of the atmosphere-shielding member 33, so that the brazing material tends to rise along the peripheral surface 
of the accommodating hole 4. Owing to this, the shape of the conductive joint layer 12 in the accommodating hole 4 
can be of a fillet shape causing less residual stress. Further, reliability in strength can be enhanced by employing a 
screwing engagement structure between the atmosphere- shielding member 33 and the accommodating hole 4. 

In a joint structure of Fig. 1 1 , an atmosphere-shielding member 37 includes a main body 38 made of a heat-resistant 
metal and the oxide film 35 as mentioned above. Outer and inner peripheral surfaces 38a and 3Bb and an upper flat 
surface 38c of the main body 38 are covered with the oxide film 35. The metal constituting the main body 38 is exposed 
at an upper inclined surface 38d, a lower flat surface 38e and a lower inclined surface 38f of the main body 38. 

The exposed upper inclined surface 38d of the main body 38 is joined to the electric power supply member 8 via 
a conductive joint layer 6C. Moreover, the lower inclined surface 38f and the lower flat surface 38e are joined to the 
substrate 2 via the joint layer 12. 

In order to produce the atmosphere-shielding members in the embodiments of Figs 10 and 11 , the following method 
which will be explained with reference to Figs 12a to 12c is preferred. First, as shown in Fig. 12a, a tubular member 
40 made of the above heat-resistant metal is prepared, and the oxide film 35 is formed over the entire surface of the 
tubular member 40 by heating the tubular member 40 in an oxidative atmosphere. Next, the exposed surfaces 36c and 
36d shown in Fig. 12b are formed by grinding opposite end surfaces of the main body 40. Exposed surfaces 38d, 38e 
and 38f shown in Fig. 12c can be formed by grinding the tubular member of Fig. 12a. In this case, the oxide film 35 
remains on the upper flat surface 38c, the outer peripheral surface 38a and the inner peripheral surface 38b of the 
main body 38. 

In an embodiment of Fig. 12, no terminal 14 is used. That is, a hole 22 opening at a side of the rear face 2b of the 
substrate 2 is formed, and a part of the netlike electrode 3 (one example of the embedded member) is exposed to this 
hole 22. The netlike electrode 3 is joined to both the low thermal expansion conductor 7 and the lower surface 9d of 
the atmosphere-shielding member 9 with a joint layer 50 according to the invention. 

However, as shown in Fig. 1, it is preferred to interpose the terminal 14 between the metal electrode 3 inside the 
ceramics substrate and the low thermal expansion conductor 7, because the length of the transmitting path for the 
oxidizing gas or the corrosive gas to reach the metal electrode is greater. 

In the embodiments as shown in Figs 1, 8, 9, 10, 11 and 13, the gap 18 between the inner peripheral surface of 
the holes 4, 22 and the outer peripheral surface 9a of the atmosphere-shielding member 9 is preferably not less than 
0.2 mm. The gap 19 between the inner peripheral surface 9b of the atmosphere-shielding member 9 and the low 
thermal expansion conductor 7 and the tip portion 8d is preferably not less than 0.01 mm. If the gap 18 is less than 
0.2 mm and/or the gap 19 is less than 0.01 mm, the brazing material is likely to rise in the gap due to the capillary 
action. If the brazing material rises in such a gap, a crack is liable to be generated in the ceramics substrate and the 
brazing material. The reason why the lower limit of the gap 18 is 0.2 mm and that of the gap 1 9 is 0.01 mm is 0.01 mm 
is that if this gap is sealed, this gap gives resistance against the capillary force because the gap is closed at both the 
joint layers 12 and 6B. It is more preferable that both the gaps 18 and 19 are not more than 1.0 mm. 

The present invention will be explained in more detail with reference to the following specific example and com- 
parative example. 

(Example A according to the present invention) 

A joint structure shown in Fig. 1 was produced according to the method explained with reference to Figs 1 to 6. 
First, the molded body 10 shown in Fig. 2 was prepared by uniaxially press molding aluminum nitride powders. 
As the metal electrode 3, a metal net made of molybdenum was used, which had 0.12 mm-diameter molybdenum 
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wires knitted at a density of 50 wires per inch. The metal net was embedded in the preiiminarily molded body 10. In 
addition, the molded body 11 was prepared by molding molybdenum powders having a particle size of 1-100 urn. The 
molded body 11 was also embedded in the molded body 10. 

This molded body 10 was placed in a moid in the state that the molded body 10 was sealed in a carbon foil, and 
sintered at a temperature of 1 950°C under pressure of 200 kg/cm 2 for a retaining time of 2 hours by hot press, thereby 
obtaining a sintered body having a relative density of not less than 98.0%. 

As shown in Fig. 3, a hole 4 was formed in the thus obtained sintered body from a rear face side by a machining 
center, thereby producing a specimen of the ceramics member. The specimen had a rectangular shape having a di- 
mension of 20 mm X 20 mm X 20 mm. 

On the other hand, the atmosphere-shielding member 33 was prepared as shown in Figs 12a and 12b. More 
specifically, the tubular member 40 made of nickel was prepared, and the thus prepared tubular member 40 was ther- 
mally treated at 1 000°C in air for 2 hours, thereby forming the nickel oxide film 35 on it. The resulting tubular member 
was ground to obtain the atmosphere-shielding member 33 shown in Fig. 12b. 

The main body 5 made of the sintered body of molybdenum powders was ground to remove oxides and carbides 
remained thereon, and was washed and dried up. In a specimen No. A5 of Table 1 , the gold plate 1 3 having a weight 
of 5±0.5 mg was placed on the surface 5a of the main body 5 as shown in Fig. 3, and was heated at a temperature of 
1080°C for 1 hour to form the film 15. Then, it was confirmed that the overall surface of the terminal main body 5 had 
a gold color by naked eyes. In the specimens other than A5, no metallizing mentioned above was effected to the 
terminal made of molybdenum. 

The brazing material 41 and the active metal foil 43 shown in Fig. 6 were accommodated in the hole 4, and were 
joined by heating them to obtain joint structures according to specimens Nos. A1-A14. Materials used for the brazing 
material 41 and the active metal foil 43 were also indicated in Table 1. In this case, in the specimen Nos. A4 and A5, 
gold sputtering films 44A and 44B having a thickness of 400 angstrom were formed on both surfaces of the titanium 
foil 43, on which the low thermal expansion conductor 7 made of molybdenum and the atmosphere-shielding member 
33 were placed. 

Moreover, the brazing material 41 made of Au-18 wt % Ni and the titanium foil 43 were placed on the low thermal 
expansion conductor 7, and the tip portion 8d of the electric power supply member 8 made of nickel was further placed 
thereon. In addition, the brazing material 41 made of Au-18 wt % Ni and the titanium foil 43 were also placed between 
the upper surface 36c of the atmosphere-shielding member 33 and the flange portion 8c. The resulting assembly was 
subjected to a heat treatment at a temperature of 960°C-1000°C for 10 minutes to obtain the joint structure shown in 
Fig. 1. 

Further, in the specimens Nos. A15-A18, the brazing materials indicated in Table 1 were used, but no active metal 
foils were used. 

With respect to the thus obtained joint structures, a tensile strength after joining and an insulation resistance after 
joining were measured. The results were shown in Table 1. 

Moreover, with respect to the joint structures, a heat cycle between 100°C and 700*C was applied for 50 cycles. 
In this case, a temperature ascending rate and a temperature descending rate were both about 20°C/minute. After 
that, a tensile strength was measured, and the measured tensile strength was indicated in Table 1 as a tensile strength 
after heat cycle. Further, an insulation resistance was measured, and the measured insulation resistance was indicated 
in Table 1 as an insulation resistance after heat cycle. 

Furthermore, an appearance of the aluminum nitride substrate 2 was observed by naked eyes at before and after 
heat cycles, and the results were shown in Table 1. Moreover, whether a leaching of compound having low melting 
point was existent on a surface of the substrate 2 was also confirmed. 
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As can be seen from Table 1, according to the joint structure of the present invention, it was understood that: a 
joining strength after heat cycle was large; an insulation resistance was large as not less than lOOGQ; an appearance 
was not changed after heat cycle; and a leaching of the low melting point compound was not detected. Particularly, it 
was understood that a tensile strength after heat cycle was larger in the specimen Nos. A4 and A5 in which gold was 
metallized on both surfaces of the active metal foil. 

(Comparative Example B) 

As is the same as the Example A, joint structures of specimens Nos. B1-B3 in Table 2 were produced according 
to the method explained with reference to Figs 1 to 6. However, in the specimen Nos. B1 and B2, the brazing material 
41 shown in Fig. 6a was made of silver or silver-copper alloy. In the specimen No. B3, the brazing material 45 shown 
in Fig. 6b was made of copper-aluminum-silicon-copper alloy. Further, a generation of the sputtering film on the active 
metal foil and a metallizing to the terminal made of molybdenum were not effected. The measuring results were shown 
in Table 2. 
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As can be seen from the above results, it was understood, from the specimen Nos. B1 and B2 in which silver 
brazing material or silver-copper brazing material was used, that: a tensile strength and an insulation resistance were 
extraordinarily decreased after heat cycle; a dark brown stain was detected on the substrate; and a leaching of low 
melting point compound was observed. Moreover, it was understood, from the specimen No, B3 in which copper- 
aluminum-silicon-titanium alloy, that: an appearance was not changed after heat cycle; an insulation resistance was 
not decreased after heat cycle; but a tensile strength was decreased after heat cycle. 

(Example C according to the present invention) 

As is the same as the Example A, joint structures of specimens Nos. C1-C6 in Table 3 were produced. However, 
a shape of the specimen was not rectangular, but a discoidal aluminum nitride substrate having a diameter of 200 mm 
and a thickness of 20 mm was used as the specimen. Moreover, in the specimen Nos. C1 -C4, a titanium foil was used 
as the active metal foil, and the brazing material 41 shown in Fig. 6a was changed as shown in Table 3. In the specimen 
No. C3, gold sputtering films 44A and 44B having a thickness of 400 angstrom were formed on both surfaces of the 
titanium foil 43. In the specimen Nos. B5 and B6, the brazing material 45 shown in Fig. 6b was changed as shown in 
Table 3. 

Moreover, in respective specimens, the gold plate 13 having a weight of 5±0.5 mg was placed on the surface 5a 
of the main body 5 as shown in Fig. 3, and was heated at a temperature of 1080°C for 1 hour to form the film 15. 
Further, it was confirmed by naked eyes that overall surface of the terminal main body 5 became a gold color. 

With respect to the thus obtained joint structures, a heat cycle between room temperature and 650°C was applied. 
In this case, a temperature ascending rate and a temperature descending rate were both about 20°C/minute. Then, 
whether an operation life was exhausted after heat cycle of 100 cycles was confirmed. Moreover, an operation life 
when the joint structure was maintained at a temperature of 750°C was measured. In this case, the operation life was 
defined as a time duration from an operation start to an operation stop when a thermocouple for a temperature control 
was broken due to a large leak current on the ceramics substrate or when the embedded terminal was oxidized and 
caused a conduction defect. 



Table 3 



No. 


Brazing material (wt%) 


Active metal foil 


Operation life 


Heat cycle RT< >650°C 


Maintaining at high 
temperature 750°C 


CI 


Au 


Ti foil 


>100 cycles 


18 days 


C2 


Au-18Ni 


Ti foil 


>100 cycles 


>20 days 


C3 


Au-18Ni 


Au sputtering on both 
surfaces of Ti foil 


>100 cycles 


>20 days 


C4 


Au-20Cu 


Ti foil 


>100 cycles 


15 days 


C5 


Au-2Ti 


none 


>100 cycles 


1 5 days 


C6 


Au-16Ni-2Ti 


none 


>100 cycles 


>20 days 



From the above results, it was understood that all the joint structures endured for heat cycle of 1 00 cycles. Moreover, 
it was understood that all the joint structures had an operation life of 15 days or more when they were maintained at 
750°C. Further, it was understood that an operation life when they were maintained at 750°C was longer if the brazing 
material made of gold-nickel alloy was used. 



(Comparative Example D) 

As is the same as the Example C, joint structures according to specimen Nos. D1-D3 shown in Table 4 were 
produced, and the same examinations as those of the Example C were performed with respect to the joint structures. 
The measuring results were shown in Table 4. 
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Table 4 



No. 


Brazing material (wt%) 


Active metal foil 


Heat cycle RT< >650°C 


Maintaining at high temperature 
750° C 


D1 


Ag 


Ti foil 


50 cycles 


5 days 


D2 


Ag-28Cu 


Ti foil 


45 cycles 


5 days 


D3 


Cu-2AI-3Si-2Ti 


none 


48 cycles 


4 days 



10 

From the above results, it was understood that an operation was stopped by heat cycle of 50 cycles or less. 
Moreover, it was understood that an operation life was 5 days or less when they were maintained at 750°C. 

(Example E according to the present invention) 

15 

As is the same as the Example A, joint structures according to specimen Nos. E1-E5 shown in Table 5 were 
produced. However, in the specimen Nos. El, E2 and E4, the brazing material 41 shown in Fig. 6a and the active metal 
foil 43 were changed as shown in Table 5. In the specimen Nos. E2 and E4, gold sputtering films 44A and 44B having 
a thickness of 400 angstrom were formed on both surfaces of the titanium foil 43. In the specimen No. E3 t the brazing 
20 material was made of gold-nickel-titanium alloy. In the specimen No. E4, the gold plate 13 was placed on the surface 
5a of the main body 5, and was heated at 1 080°C for 1 hour to form the film 1 5. With respect to the specimens, a yield 
percent during brazing for respective 10 specimens was measured, and the measuring results were shown in Table 5. 



Table 5 



No. 


Brazing material (wt%) 


Active metal foil 


Metallizing to Mo terminal 


Yield (%)n=10 
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Au-18Ni 
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60 


E2 
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90 
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35 From the above results, it was understood that a yield percent during brazing was extraordinarily improved if the 

gold sputtering films were formed on both surfaces of the titanium foils. 

As clearly understood from the above explanations, according to the invention, it is possible to prevent an insulation 
defect due to a corrosion of the embedded member or a leaching of low melting point compound on a surface of the 
ceramics member, in the joint structure in which the embedded member made of metal including molybdenum is em- 

40 bedded in the ceramics member, and the embedded member in the ceramics member is joined to the metal member. 



Claims 

45 1 . A ceramics joint structure in which a ceramics member having an oxidation resistance property and a metal member 
are joined via a joint layer, comprising a structure such that: 

(1) an embedded member made of a metal including at least molybdenum is embedded in said ceramics 
member; 

50 ( 2 ) a P art °f said embedded member is exposed to a joint surface of said ceramics member, which is contacted 

with said joint layer to form a metal exposing portion; 

(3) said ceramics member and said metal exposing portion are joined via said joint layer to said metal member 
respectively; and 

(4) said joint layer is mainly made of one or more metal selected from the group consisting of gold, platinum 
55 and palladium. 

2. The ceramics joint structure according to claim 1 , wherein said joint layer further includes one or more active metal 
selected from the group consisting of titanium, zirconium, hafnium, vanadium, niobium and magnesium. 
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3. The ceramics joint structure according to claim 1 , wherein: a terminal made of molybdenum or molybdenum alloy 
is embedded in said ceramics member as said embedded member; a metal exposing portion of said terminal is 
exposed to said joint surface; and said metal member is joined via said joint layer to surfaces of said ceramics 
member and said metal exposing portion of said terminal. 

4. The ceramics joint structure according to claim 1 , wherein: a hole is arranged in said ceramics member; a tubular 
atmosphere-shielding member is inserted into said hole; an electric power supply member and a low thermal 
expansion conductor for a stress-mitigating are inserted inside said tubular atmosphere-shielding member; said 
tubular atmosphere-shielding member and said electric power supply member are joined with each other; and said 
low thermal expansion conductor and said tubular atmosphere-shielding member are joined to said metal exposing 
portion of said embedded member. 

5. The ceramics joint structure according to claim 4, wherein: said embedded member is a terminal made of molyb- 
denum or molybdenum alloy; said terminal is electrically joined to said low thermal expansion conductor; a metal 
electrode is embedded in said ceramics member; and said terminal is electrically joined to said metal electrode. 

6. A method of producing the ceramics joint structure set forth in claim 1 , comprising the steps of: 

forming said metal exposing portion by exposing a part of said embedded member to said joint surface of said 
ceramics member; 

arranging a material for said joint layer between said joint surface and said metal member; and 

heating them under an oxidation resistance atmosphere to join said ceramics member and said metal exposing 

portion to said metal member respectively. 

7. The method according to claim 6, wherein said step of arranging a material for said joint layer, comprises the steps 
of: 

arranging a material of one or more active metal selected from the group consisting of titanium, zirconium, 
hafnium, vanadium, niobium and magnesium on said joint surface; and 

arranging a brazing material mainly made of one or more metal selected from the group consisting of gold, 
platinum and palladium on said material. 

8. The method according to claim 7, wherein a film made of one or more metal selected from the group consisting 
of gold, platinum and palladium is formed on a surface of said material of one or more active metal. 

9. The method according to claim 6, wherein said step of arranging a material for said joint layer, comprises the step 
of: arranging a brazing material made of an alloy of one or more metal selected from the group consisting of gold, 
platinum and palladium and one or more active metal selected from the group consisting of titanium, zirconium, 
hafnium, vanadium, niobium and magnesium, 

10. The method according to claim 7 or 9, wherein nickel is included in said material for said joint layer. 

11. The method according to claim 6, wherein said embedded member is made of molybdenum or molybdenum alloy. 

12. The method according to claim 11, wherein a coating material mainly made of one or more metal selected from 
the group consisting of gold, platinum and palladium is coated previously on a surface of said embedded member 
before joining, and the thus coated embedded member is joined to said metal member 

13. The method according to claim 12, wherein said coating material is coated on said embedded member by melting 
it by means of a heat treatment. 
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